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mark_heap() =
    mark_stack = empty
    for R in Roots
        mark_bit(R) = marked
        push(R, mark_stack)
        mark()

mark() =
    while mark_stack != empty
        N = pop(mark_stack)
        for M in Children(N)
            if mark_bit(*M) == unmarked
                mark_bit(*M) = marked
                if not atom(*M)
                    push(*M, mark_stack)   

mark_heap() =
    mark_stack = empty
    for R in Roots
        push(R, marck_stack)
        mark()

mark() =
    while mark_stack != empty
        N = pop(mark_stack)
        if mark_bit(N) == unmarked
            mark_bit(N) = marked
            for M in Children(N)
                push(*M, mark_stack)

a) Traversiert jeden Knoten b) Traversiert jeden Verweis

�k���!���w�����$�o�$ ���bG+9% ) bS�4Y�+og ) %SW	��+9%0���$�
Xqh��"�4��3�%0��bS1�*,+-�

�"+9% x ��bG+9%0XS/01!�4+-��\9^���X0/01$+-����+-���?+-�w�$+-���4bG+9% ) bS�4Y�+-���k�4��3�%:�4bS1�*,+-���8+-XGbG+-1�b_� ) %0���ml�� )��
�"�4��3�%0�4bS1!*o��X )���� +-�$+-�]`M�$3�bG+-�r�C���N 	¡��£¢~¤�¥ ) �$#C�$+-�e`�+-���4+9%[�4+9��b�¦ ) ��XG��+-�$3
*]*,+-�e§�� ) bGbqh
`���3�bG+-� � lC^o') 1$%S+-�!���k�4��3�%:�4bS1�*���X"� �A� +-��+-��`��$3�bG+-��¨-©�©!ª�«n¡��¬¨-�¡&®�¡& ��(«
¯�°e¡& }±� ��(°� i¡w²

�



³-´¶µ�·�¸�¹�´�º�´�¹�´	¸�»�µ&´	¹(´i¸A¼�½k¾4¿�À�Á:Â4ÃSÄ�Å�Æ�Ç�È�É�Â�ÇGÃ�ÇGÀ
ÅuÂ�Ã�ÂwÅËÊ�À�ÁSÃGÌ-Â�¾�¿�Ì9¿�Ì-Í�ÎÆ$Ï8Ì9Á�Ï8ÉtÐ�È�¾�¾�Ç�Ñ�Ì9Á
Ò ÁSÀ�¿�Á0È�ÅuÅNÓÕÔ�Á0È�Ö!Ä.Å,Ì-Ä$Á0Ð&È�×:Ä2ÁSÌ9Ð�Ì9Á0Ì-Í$Ø-Â4Ì9ÁSÃGÌ�Ù�Í$À�ÃGÌ-Í2Ï8Ì-ÇSÂ�ÃGØ9Ã9¼i½"¾�¾4Ì9Á:Ñ�Â�Í$¿
Ç[Ï�Á0Â�Í$¿�Ì-ÍrÇGÀ(ÚUÀ
Ä�¾
È�É�È�¾wÇAÈ�Æ�×0Ä]Ï?É£Ñ$Ì-ÍuÛ"Â�¾4Ð�ÇqÓ�Ù�Ì-¾w¾4Ì9Á�Ø-Æ�Å ÎÜ Ï?Ì9Á:¾�È�Æ$Ð&Ì-ÍCÝ(ÚDÌ-Í�ÍuÇ0Â4ÌtÙ�Í$À�ÃGÌ-Í,Ì9Á0ÁSÌ-Â�×0Ä�Ì-ÍCÝ�Ñ�Â4ÌRÅ,Ì-Ä�Á
Ù�ÂwÍ�Ñ$Ì9ÁGÓ�Ù�Í�À�ÃGÌ-Í�Ä�È�Ï8Ì-Í�È�¾�Ç�Ð&ÁSÌ-Â4ÌuÙ�Ì-¾�¾�Ì9ÁGÓ Ò ¾ ÎÈ�ÃGØ9Ì,Ø-Æ�Á�Ê�Ì9ÁSÐ ÎÆ$¿
Æ�Í$¿6ÇSÃGÌ-Ä$Ì-ÍßÞ&Ø�¼áà"¼¬¿�ÁSÀ�â�Ìr½�ÁSÓ
Á0Èäã	ÇåÉ:¼ Ü ÅËÑ�Â4ÌMÛ ÎÈ�Æ$æ�¿�ç�Ì-Â4Ã�Ñ$Ì-Ç"½kÆ�Ð�ÃGÁSÌ9ÃGÌ-Í!ÇkÑ�Â�Ì-ÇGÌ-Ç Ò ÁSÀ�Ï!¾4Ì-ÅuÇ�Ø-Æ6è�Ì9Á0Á0Â�Í$¿�Ì9Á0ÍmÝ�ÚUÌ9Á:Ñ$Ì-ÍnÑ!Â4Ì
Ù�ÂwÍ�Ñ$Ì9ÁGÓ�Ù�Í�À�ÃGÌ-Í.Í�Â�×0Ä�Ãtè�À
¾�¾wÇGÃ ÎÈ�Í�Ñ�Â4¿,ÇGÀ
Í!Ñ$Ì9Á0Í_Â�Í2çi¾4Ì-Â�Í�Ì-Í6Ô"Á0Æ$Ö�Ö8Ì-Í.È�Æ$Ð�Ñ$Ì-Í_Ù�Ì-¾�¾4Ì9Át¿�Ì-¾4Ì9¿�Ã9¼
é Â�Í$ÌNÔ�Á0Æ$Ö�Ö8ÌMç�À
Å]ÅMÃ�Ì9Á0ÇGÃ�Ñ�È�Í�Í�È�Æ$ÐAÑ$Ì-ÍdÙ�Ì-¾w¾4Ì9Á-Ý!ÚDÌ-Í�Í�Ñ$Ì9Á�è�À
ÍdÑ$Ì9Ákè�À�Á:Ä$Ì9Á0Â4¿�Ì-Í�Ô"Á0Æ�Ö$Ó
Ö8ÌMÈ�Æ$Ð&¿�Ì-ÇGÖ!È�Í!Í�ÃGÌ�ê¬Ì-Â�¾4ÓÕÔ"Á0È�Ö!Ä.è�À
¾w¾�ÇGÃäÎÈ�Í�Ñ�Â�¿]È�Ï�¿�Ì-È�ÁSÏ8Ì-Â4ÃGÌ9ÃkÚ�Æ$Á0Ñ$Ì�¼�ë�Â4Ì-ÇSÌ-Ç�Ê�Ì9ÁSÐ�È�Ä$ÁSÌ-Í6ç�È�Í!Í
Ñ�Æ�Á0×0Ä]Ø-Æ�Ç ÎÈ�ÃGØ-¾�Â�×:Ä$ÌkÛ"Â�¾4Ð�ÇqÓÕì?Ì-Â�¿�Ì9ÁAÁSÌ-È�¾�Â�Ç0Â4Ì9ÁSÃ�ÚDÌ9Á0Ñ$Ì-Í]Æ!Í�ÑuÂ�ÇGÃUÂ�Íní àDÀ	Ì-Ä�ÅîÈ�Í�Ñ2ï�Ì-ÂwÇGÌ9Á-Ý¬ð-ñ�ò�ò�ó
Ï8Ì-ÇS×:Ä$Á0Â4Ì9Ï8Ì-ÍC¼

ô�õ�ö ÷}ø!ù�ùúø�ûvüý�þ ø�û�ùúÿ����
ê�ÁSÀ�ÃGØ[Ñ$Ì9Á�Â�Å�è�À�Á0Ä$Ì9Á0Â�¿�Ì-Í�½�Ï�ÇS×0Ä�Í!Â4ÃGÃCÏ8Ì-ÇS×0Ä$Á:Â4Ì9Ï8Ì-Í$Ì-Í Ò Á ÎÈ�è�Ì-Í�ÃSÂ4èiÅuÈ�â
Í�È�Ä�Å,Ì[ç�È�Í�Í�Ì-Ç�Í�È�Ã ÎÆ$Á0¾wÂ�×0Ä
Â�Å]Å,Ì9ÁDÍ�À	×:Ä]Ø-ÆrÙ�Ì-¾�¾4Ì9Á ÎÜ Ï8Ì9Á0¾�ÎÈ�Æ$Ð�Ì-Í]ç�À
ÅuÅ,Ì-ÍC¼	ï�Ì-Í�Í2Ñ�Â4Ì-Ç��qÌ-Ñ�À	×:ÄrÈ�Æ�ÐCÌ-Â�Í$Ì-Å ÛkÂ�¾�Ð&ÇqÓ�Ù�Ì-¾�¾4Ì9Á
¿�Ì-ÇS×:Ä�Â4Ì-Ä�Ã9Ý$¾ ÎÈ�â�ÃRÇSÂ�×0ÄrÑ�È�Á0È�Æ�ÐmÚUÌ-ÇSÌ-Í�ÃS¾�Âw×0ÄrÏ8Ì-ÇSÇGÌ9ÁDÁSÌ-È�¿
Â4Ì9ÁSÌ-ÍCÝiÈ�¾�ÇUÌ-Ç�Ï8Ì-Â�Ì-Â�Í$Ì-Å ÎÜ Ï?Ì9Á:¾�È�Æ$ÐCÏ8Ì Ó
Ñ�ÂwÍ$¿�ÃRÑ�Æ$Á0×:Ä��tÌ9çiÆ$Á0ÇSÂ4À
Í.Ñ�Ì9Á���È�¾�¾CÂ�ÇSÃ9¼
	ÕÅ Ð&À
¾4¿�Ì-Í�Ñ�Ì-Í2ÚUÀ
¾�¾�Ì-Í2Ú�Â4ÁtÆ�Í�ÇRÅ]Â4ÃRÑ$Ì9Á é Á0ç�Ì-Í�Í�Æ!Í$¿
Æ�Í!Ñ.àUÌ-Ä!È�Í�Ñ�¾�Æ�Í�¿�è�À
ÍnÙ�Ì-¾�¾4Ì9Á ÎÜ Ï8Ì9Á0¾ ÎÈ�Æ$Ð&Ì-Í2Ï8Ì-ÇS×0Ä ÎÈ�Ð&ÃSÂ4¿�Ì-ÍC¼

�������� � ¹��!´i¸�¸��£¸��}´	µ�¸�´�³��6´����&´	¹���� ´�¹!��"��¬º�³
	qÅËÚUÌ-ÇSÌ-Í�ÃS¾�Âw×0Ä$Ì-Í�¿
Â4Ï�Ã�Ì-Ç�Ø9ÚDÌ-Â$# ÎÀ�¿
¾wÂ�×0Ä$ç�Ì-Â�ÃGÌ-ÍdÌ-Â�Í$Ì-Í ÎÜ Ï8Ì9Á0¾wÈ�Æ$Ð�Ø-ÆdÌ-Í�ÃSÑ�Ì-×Sç�Ì-ÍC¼¬ë�Â4ÌNÌ9Á0ÇSÃGÌ
Â�ÇSÃ[ÇSÂ�Å,Ö8Ì-¾�%&#nÈ�Í]Ì9Á0ÚUÌ-Â4ÃGÌ9Á0ÃUÑ�Â4Ì('*),+.-�Ó0/�Ö?Ì9Á:È�ÃSÂ4À
ÍeÆ!ÅJÌ-Â�Í$Ì-Í21	Ö8Ì-Â�×0Ä$Ì9ÁSÓ03�Ä$Ì-×Sç?Ý
ÇGÀ�Ñ�È�âMÖ!Æ!ÇSÄ
�GÌ-Ñ$Ì-ÇSÅuÈ�¾�ÚDÌ-Í�Í¶Ì-Ç,Ì-ÂwÍ$Ì-Í Ù�Í$À�ÃGÌ-Í È�Æ$Ð"Ñ$Ì-Í Ù�Ì-¾�¾�Ì9Áu¾4Ì9¿�Ã ÎÆ$Ï8Ì9ÁSÖ�Á ÎÆ�Ð�Ã9Ý�À�ÏaÍ$À	×:Ä ¿�Ì-Í ÎÆ$¿�Ì-Í!Ñ
1	Ö8Ì-Â�×:Ä$Ì9ÁRè�À�Á0Ä�È�Í!Ñ$Ì-Í_Â�ÇGÃ9¼
é Â�Í$Ì�Ì54]Ø-Â4Ì-Í�ÃGÌ9Á0Ì6#6Ì9ÃSÄ$ÀiÑ$Ì�Â�ÇGÃUÑ!Â4Ì ÎÜ Ï8Ì9ÁSÖ�Á ÎÆ$Ð�Æ�Í$¿�Ñ�Ì-ÇDÙ�Ì-¾�¾4Ì9ÁGÓ01	Ö8Ì-Â�×:Ä$Ì9Á0Ç�è�À�ÁtàDÌ9¿
Â�Í!Í]Ì-Â�Í�Ì-Ç
ë�Æ$Á0×:Ä�¾�È�Æ$Ð�ÇMÑ�Ì9Á7#nÈ�ÁSçiÂ4Ì9Á0Æ�Í$¿
ÇGÓ01i×0Ä�¾�Ì-Â4Ð�Ì�¼81	À�Ï!È�¾�Ñ~Ì-Â�Í}ÙMÍ$À�ÃGÌ-Í~è�À
Å Ù�Ì-¾w¾4Ì9ÁM¿�Ì-Ä$À
¾�ÃoÚ�Æ�Á0Ñ$Ì
Ú�Â�Á0Ñ2Ñ�Â4Ì�½"Í$Ø-È�Ä�¾CÇGÌ-Â�Í�Ì9ÁtÙ�Â�Í�Ñ$Ì9ÁRÅuÂ�ÃtÑ$Ì9Át½kÍ�Ø-È�Ä�¾CÑ$Ì9Átè�Ì9ÁSÐ ÎÆ$¿�Ï!È�Á0Ì-Í91	Ö8Ì-Â�×0Ä�Ì9ÁGÓ Ò ¾ ÎÈ�ÃGØ9Ì�è�Ì9ÁSÓ
¿
¾�Âw×0Ä$Ì-ÍC¼�	ÕÇGÃo¿�Ì-Í ÎÆ$¿�Ì-Í�Ñ Ò ¾�È�ÃGØeè�À�Á0Ä�È�Í�Ñ�Ì-ÍCÝ¬Ú�Â�Á0Ñ�Ñ�Â4Ì:1$×0Ä�¾4Ì-Â�Ð�Ìu¿�Ì-ÇSÃSÈ�ÁSÃGÌ9Ã9Ý�È�Í�Ñ$Ì9Á0Í$Ð�È�¾�¾�Ç�Ì-ÂwÍ
Ù�Ì-¾w¾4Ì9Á ÎÜ Ï8Ì9Á0¾wÈ�Æ$Ð¬¿�Ì-Å,Ì-¾wÑ$Ì9Ã9¼

������<; = ´i·�"!¸?>8���£¸?�A@CB?¸D�6´����&´	¹���� ´�¹!� �"��¬º�´	¸
½"Æ�×0Ä~Ä�Â4Ì9Á�¿
Â4Ï�Ã�Ì-Ç�Ú�Â4Ì-Ñ�Ì9Á�Å,Ì-Ä$ÁSÌ9ÁSÌE# ÎÀ�¿
¾�Â�×:Ä$ç�Ì-Â4ÃGÌ-ÍCÝCÚDÌ-Í�ÍdÌ-Â�Í ÎÜ Ï?Ì9Á:¾�È�Æ$ÐAÌ-Í�ÃSÑ$Ì-×Sç	Ã�Ú�Æ�ÁGÓ
Ñ$Ì�¼
��¸��F(·ßí Ù�Í�Æ�ÃSÄ�ð-ñ&G!H�óCÇS×0Ä!¾ ÎÈ�¿�ÃRè�À�Á-ÝiÌ-Â�Í$Ì-ÍeØ-Â4ÁSçiÆ�¾ ÎÈ�ÁSÌ-ÍrÙ�Ì-¾�¾�Ì9ÁUØ-ÆrÏ8Ì-Í�Æ�ÃGØ9Ì-ÍC¼$àUÌ-Â?Ì-Â�Í�Ì9Á
Ù�Ì-¾w¾4Ì9Á"Ô"Á ÎÀ�â�Ìoè�À
ÍJI Ò ¾ ÎÈ�ÃGØ9Ì-Í_Ú�Â�Á0Ñ.Ñ$Ì9ÁLK ÓúÃGÌ�Ù�Í$À�ÃGÌ-ÍnÈ�ÍM1	ÃGÌ-¾�¾�Ì6KUÅ,ÀiÑ�I�Ì-Â�Í$¿�Ì9Ð ÎÆ$¿�Ã9¼!ë�È�ÁGÓ
È�Æ�Ç"Ð&À
¾4¿�Ã9ÝCÑ�È�â2ÚUÌ-Í!Í�ÅuÌ-Ä$Á"È�¾wÇNI¶Ù�Í$À�ÃGÌ-ÍdÈ�Æ$ÐUÑ$Ì-ÍnÙ�Ì-¾�¾4Ì9Á"¿�Ì-¾4Ì9¿�Ã�ÚUÌ9Á:Ñ$Ì-ÍCÝ?Ì-Â�Í�Â4¿�Ì�Ñ�È-è�À
Í
ÎÆ$Ï8Ì9Á0Ç0×0Ä$Á0Â�Ì9Ï?Ì-Í6ÚUÌ9Á:Ñ$Ì-Í�Å�ÎÆ�ÇSÇSÌ-Í�Æ!Í�ÑdÇGÀ
ÅuÂ4Ã�ï�Æ$ÁSØ9Ì-¾4Ó�Ù�Í$À�ÃGÌ-Í�è�Ì9Á0¾�À�ÁSÌ-Íd¿�Ì-Ä$Ì-ÍCÝCÑ$Ì9ÁSÌ-ÍdØ-Æ$Ó
¿�Ì-Ä ÎÀ�Á:Â4¿�ÌMê�Ì-Â�¾ ÓÕÔ"Á0È�Ö�Ä$Ì-Í.Ñ�È�Í�Í.Í�Âw×0Ä�Ã�Å,Ì-Ä$ÁtÅuÈ�Á0ç	Â4Ì9Á0ÃRÚUÌ9Á0Ñ�Ì-Í.ç ÎÀ
Í!Í$Ì-ÍC¼
ì8Æ�Á(O ÎÀ
ÇSÆ�Í$¿NÑ�Â4Ì-ÇGÌ-Ç Ò Á0À�Ï!¾4Ì-ÅuÇDÇS×0Ä!¾ ÎÈ�¿�ÃRÙ�Í�Æ�ÃSÄ]è�À�Á-Ý$Ñ�Â�Ì Ò Á0À�¿�Á0È�ÅuÅNÓ�Û"È�¾�Ñ$Ì�Í�È�×0Ä.Å]È�ÁSç	Â�Ì9ÁGÓ
ÃGÌ-Í,Ù�Í�À�ÃGÌ-ÍNØ-Æ,ÇS×9È�Í�Í$Ì-ÍCÝ�Ñ�Â4Ì�Æ�Í�Å]È�ÁSç	Â�Ì9ÁSÃGÌDÙMÂ�Í�Ñ$Ì9Á�Ä�È�Ï8Ì-ÍC¼ é Â�Í�ÇGÀ
¾�×:Ä$Ì9ÁP1i×9È�ÍNÇGÌ9ÃGØ9Ã[Â�Å]Å,Ì9Á
Ñ�È�Í!Í]Ì-Â�ÍmÝ�ÚDÌ-Í�Í2Ñ$Ì9ÁDÙ�Ì-¾�¾4Ì9Á�¾4Ì9Ì9ÁS¿�Ì-¾�È�Æ$Ð&Ì-ÍrÂ�ÇGÃUÆ!Í�Ñ]Ø-Æ�è�À�Á�ÙMÍ$À�ÃGÌ-Í ÎÆ$Ï8Ì9Á0ÇS×0Ä�Á0Â4Ì9Ï8Ì-Í,Ú�Æ$Á:Ñ$Ì-ÍC¼
ë�Â4Ì"ÇGÀM¿�Ì9Ð�Æ�Í�Ñ$Ì-Í�Ì-Í]Ù�Â�Í!Ñ$Ì9Á[Ù�Í$À�ÃGÌ-ÍrÑ�Â4Ì-Í�Ì-Í]È�¾�Ç[ï�Æ$ÁSØ9Ì-¾�ÍrÑ$Ì-Ç[ê�Ì-Â�¾ ÓÕÔ�Á0È�Ö!Ä$Ì-ÍeÈ�ÍeÑ$Ì-ÅvÍ�Æ!Í
Ñ�Â�Ì(#nÈ�ÁSç	Â�Ì9Á0Æ�Í$¿
ÇqÓ Ò Ä�È�ÇGÌDÚ�Â4Ì-Ñ$Ì9Á£È�Æ$Ð&¿�Ì-Í$À
ÅuÅ,Ì-Í�Ú�Â4Á:ÑC¼(ë"Ì9Á Ò ÁSÀ�Ø9Ì9â�ÃGÌ9Á0Å]Â�Í�Â4Ì9ÁSÃ£ÇS×0Ä!¾�Â4Ì9â
¾�Â�×:ÄCÝ
ÚDÌ-Í�Í_Ñ$Ì9ÁkÙ�Ì-¾�¾4Ì9Át¾4Ì9Ì9Á0¿�Ì-¾�È�Æ$Ð&Ì-Í_Â�ÇGÃ9Ý$À
Ä�Í�Ì�Ñ�È�â,Ø-Æ$è�À�Á é Â�Í�ÃGÁ(ÎÈ�¿�Ì2ÎÆ$Ï8Ì9Á0ÇS×:Ä$Á0Â4Ì9Ï8Ì-ÍeÚ�Æ$Á0Ñ�Ì-ÍC¼

Q



RTSVU(WYX[Z]\_^`Z5UaS�b
^dc
Z5U(e$fEg]\_Z]bVg�hjik!l XPm k b�c
Z]b2W�n k b k moiS
pTZ5UaqrnasVUa\_Z5pTZ]b
Z]butvb
w`X[Z]bxmE\_X�cVZ5U
bV\yZ]c
Ua\_^&q[X[Z]b�z{c
UrZ]qaq[Z`|Vq[X k X[X k m}zNb
~ k b
^Ec
Z5UN�$Urw`^`U k m�m7�j� k h<c
ZvpTZ5^&\ybVb
Z]b�
eP\yb
ZE� k Ua\ k b�X[Z2c
Z5U�� iw&qrSVb
^9�`w&b�tdb,S
Xrs�q[X[Z]hyh_X�c
Z5U�^`Z]mEZ]\ybVsV\yb k hyq��7���Y�����a�������,�����
���������,��n�w&hyhyZ]n�X[w`U?pTZ5� k bVb�X[Z�^ k Urp k ^`ZPn�w&h<h_Z]n�Xr\_w&bdz{h_^`w`Ua\yXrsVm�S�qc k U]| k SV~Yc
Z]b�\ynas�\yb6t k!� \yX[Z]h
� b
w�nas��YSVUrgPZ]\<b
^`Z]s
Z]b��PZ5UacVZ`�� ¡\_Z]q[Z5U¢SVb,X[Z5Uaqrn.s
Z]\yc
Z5X8qr\yn.s£�`w&b£tdb,S
Xrs���\_ZP~�w&hy^`X5¤&W�X k X[X k hyX[Z
eP\yb�X[U ik ^`Z�\ym¥t6Z]hyh_Z5U�m�\_X�b
Z]S
Z]b¦g]S iSVp*Z5U.qrnas
UaZ]\_pTZ]b�|��PZ]bVb9c
Z5UNtvZ]hyh_Z5U��`w&h<hyq[X ik bVcV\y^u^`Z5~ iSVh<h_X
\yqrX5|��(Z5Uac
Z]b¦hyZ5X[g5X[Z5UrZ�Z]\<b
~ k n.sJ�`Z5Ur�(w`Ur~�Z]b��C§?U k XNZ]\yb i¨NpTZ5Uah k S
~ k S
~0|Cq[wx��\_Uac k S l Z5U.c
Z]m¥c�\_Z
© U�iw l Z�c
Z]qLtvZ]hyh_Z5Uaqª�`Z5UacVw �V� Z]h_X5|
b k nasVcVZ]m«Z5UNh_Z5Z5Ua^`Z]h k S
~�Z]bJ\yq[X5�
¬ pY�(w&sVh&bV\yn.s�X�p*Z5� k bVb,X�\yq[X5|��PZ]hyn.s
ZPe$*Z5�YX[ZPc�\_Z¢pTZ]\yc
Z]b�WYX[U k X[Z5^&\_Z]bds k pTZ]b�|]qrw���\_U.c¡�`Z5Uam�S
�
X[Z5X6®°¯`w&b
Z]q k bVcJ��\<bVq5|�±]²`² �!³ |Yc k!l�´ wYZ]sVm7�j {Z]muZ5Uaqµ�·¶�Z]\<q[Z5UªZ]\ybupTZ]qrq[Z5UrZ]qª¸ k nasVZ��·�¢Z5Uas k h_X[Z]b
k S
~��(Z]\yq[X5�

¹ º »�¼�½d¾a¿$¼�¿�ÀÂÁÃ¾µÄ�½�ÅNÀ7Æ�Ä*»LÀ¡Ä*¿�Á Ç�È:¿�¾rÉ?Ê7¿$¼

z{SVnasJ�PZ]bVb2Z]qLË¦Z5Xrs
w�c
Z]b�g]S
ULe�Ur�`Z]bVbYSVb
^7SVbVc ´ Z]s
Z5p�SVbV^£�`w&b¦t6Z]hyh_Z5U i¨Np*Z5U.h ik S
~�Z]b�^&\_p�X5|
q[w�q[X[Z]hyh_Xuqr\yn.sÌc
Z]bVbVwYn.sÌcV\_Z�Í
U k ^`ZMb k nasÎ\ys
UrZ5U7�¢Z5UamEZ]\ycVSVb
^
�$  k Z5f�g]\_Z]b�X[Z]q:Ë k Ua�Y\_Z5UaZ]b
�`w&bÏ� k h<c
Z�� © U k!� sVZ]b�bV\<nas,Xvw&sVb
Z�R*��\yqrn.s
Z]bVq � Z]\yn.s
Z5Uab�c
Z5U�X[U k �`Z5U.qr\_Z5UrX[Z]b��¢Z5Urg5�(Z]\_^&SVb
^&qµ�
� S�b
�,X[Z£m iw`^&hy\yn.s¦\yqrX5|Cm£S l c
Z5U¡t6Z]hyhyZ5U¢Ð[Z]c
wYn.s k SV~$\_Ur^`Z]bVc
Z]\<b
Zvz�UaXNZ5Uas k h_X[Z]bJp�hyZ]\_pTZ]b��VzNh<q
� iw&qrSVb
^�p�\_Z5X[Z5XPqa\ynas k b�|,c
Z]b © U k!� s
Z]b�q[Z]hyp�q[X k hyqP¨Nb,X[Z5UrpVU.\yb
^&SVb
^&qrw`UrX$~ iS
UPcV\yZLÑ0bV~�w`Uam k Xr\_w!�
b
Z]b k SVq{c
Z]m}t6Z]h<h_Z5U�g]S9b,S
X[g5Z]b�CÍ iS
UNc k q{Ë k Ur��\_Z5UrZ]b¦cVZ]qN��Urw`^`U k mEm7� © U k!� s
Z]b¦�PZ]bVcVZ]b
��\yUNc k g]SMZ]\yb
Z£§�Z]n.sVbV\_�9b k muZ]bVq«Ò$�*��Ó*Ô��,���a����Õ*�,���]Ö�× k b�|*c�\_Z�SVb k p�s�ik b
^&\_^��`w&b
Z]\yb k bVcVZ5U
�`w&b¦®ØW
nas
w`UrU k bVc2¶ k \_X[Z`|?±]² �&Ù!³ SVbVc7 {Z]S
Xrqrnas9® tvb,SVXrs�|Y±]² Ù!Ú |,e¢Û�Z5Uan5\yq[ZLÜY� Ú �ÞÝY�Þß ³ Z]b,Xj�N\ynr�`Z]h_X
��SVUac
Z`���N\yZ5UrpTZ]\?s k b�c
Z]h_X¡Z]q6qr\yn.s�SVmàZ]\yb
ZEË¦Z5Xrs
wYcVZ`|�p*Z]\¢cVZ5UvcV\_Z£�¢Z5Ur�PZ]\<q[ZEc
Z5Uvtvb
w`X[Z]b
��S
Urg5~�Ua\yq[Xr\y^�SVmu^`Z]c
UaZ]s�X5|!c��Øs��á�`w&mâtd\ybVc k SV~Vc
Z]bd� k X[Z5U$cVZ]q�tdb
w`X[Z]bVq�SVmu^`Z5pTw`^`Z]bd�(Z5Uac
Z]b�
 ¡\_Z]q¡^`Z]qrn.sV\_Z]s,X5|�SVmàg]S
�`w`U6X[U k �`Z5Uaqr\yZ5UrX[ZE�¢Z5Urg5�(Z]\_^&SVb
^&q � SVb
�YX[Z7�`w&m k �,XrSVZ]hyh_Z]bãWYX k bVcVw`UrX
c
Z]qNË k Ur��\_Z5UrZ]b�q k SVq�Z5UrUaZ]\ynas,p k ULg]SJs k h_X[Z]b��
Ñµmä~�w&h_^`Z]bVc
Z]b9z�pCqrnasVb�\_X[XL��\_U.c�cV\_Z]q[Zd§?Z]nas�bV\_�2g]SVb ik n.sVq[X k b © U k!� sVZ]b��`w`Ur^`Z]q[X[Z]hyhyX5|*c
Z5UaZ]b
�¢Z5Urg5�(Z]\_^&SVbV^&q[�YbVw`X[Z]b9^`Z]b k SJg5�(Z]\��¢Z5Ur�(Z]\yq[Z�Z]b�Xrs k h_X[Z]b�|Cb ik mEhy\yn.s k S
~¢Z]\ybJh<\yb
�`Z]q�S�bVc k S
~
Z]\ybåUaZ]nas,X[Z]qvtv\ybVc�*z{bVqrn.sVhy\_Z l Z]bVcM��\yUac¦Z5Ua�Yh ik UaX{�N\_Z£qa\_Z k S
~PtvbVw`X[Z]b�mE\_X¡pTZ]hy\_Z5p�\_^x�Y\yZ]h_Z]b
�¢Z5Ur�(Z]\yq[Z]b¦Z5Ur�(Z]\_X[Z5UrXL�(Z5Uac
Z]b2� k bVb��

æ$çéè ê9ë�ì[í�î5ï�ðñðYï�ò�ï�ðVóCôõdö�÷$ø�ùPújûNüöTý&þ�û ÿ�ý&ö ��� þCû
 {Z5U� {Z]S
Xrqrnas
�0W�nas
w`UaU[�·¶ k \_X[Zv��w&\yb,X[Z5U���Z5�`Z5Uaq k hTz{h_^`w`Ua\_XrsVm£SVq�g]SVm Ë k Ur��\_Z5UrZ]b:c
Z]q(� k hycVZ��
© U k!� s
Z]b£h ik!l X?qr\<nas£cVS
Uan.svZ]\yb
Z]bdZ]bVcVhy\<nas
Z]bvz{S
X[w&m k X[Z]b7mE\yX?c
UrZ]\YRTSVq[X ik bVcVZ]bvpTZ]qrnasVUrZ]\_pTZ]b��
eP\yb
Z�qrnasVZ]m k Xr\yqrn.s
ZL  k Uaq[X[Z]hyhyS�b
^{\<q[X¢\yb7z�pVpC\yhycVSVbV^NÝ{g]Suq[Z]s
Z]b��&¯&Z]c
Z5U$c
Z5UPRTSVqrX ik bVc
Zªq[X[Z]s�X
c k pTZ]\*~.iS
UªZ]\yb
Z6��s k qrZ¡cVZ]q(z{h_^`w`Ua\yXrsVm�S�q5�,Ñµb���s k q[Zu±¡�PZ5UacVZ]b:qrw7h k b
^`Zvhy\yb
�`Z¡tv\yb�c
Z5UPX[U k �
�`Z5Uaqa\_Z5UrX5|¢p�\yq7Z]\<b ´ h k X[Xµ�jtvb
w`X[Z]b w�c
Z5UEZ]\yb pTZ5UrZ]\yXrq£m k Ur�Y\yZ5UrX[Z5UEtvb
w`X[Z]b Z5UaUrZ]\ynas,Xu��S
U.c
Z`�
  k pTZ]\��N\_Uac2Ð[Z]c
Z5U£pTZ]qrSVnas,X[Z2tvb
w`X[Z]b m k Ur��\_Z5UrX£SVbVcãcVZ5U��¢Z5Ur�(Z]\yq k S
~Lq[Z]\<b�hy\<b
�`Z]qdtv\<bVc
mE\yX�Z]\yb
Z]m«�¢Z5Ur�(Z]\yq k SV~�q[Z]\<b
Z]b�� k X[Z5U[�jtvbVw`X[Z]b iS
pTZ5Uaqanas
Ua\yZ5p*Z]b�,z{S
~�c�\_Z]q[Z6¶�Z]\yq[Zdp�h_Z]\_pTZ]b
q ik m�Xrhy\yn.s
Z`|VpTZ5UrZ]\_Xrq�c�S
Uanas�h k S
~�Z]b
Z¡�¢Z5Urg5�PZ]\y^&SVb
^&q � S�b
�,X[Z6Z5UaUrZ]\ynas,p k U]�
�Ps k q[Z¦±uq[X[w ��� X5|�(Z]bVbAc
Z5Udz{S
X[w&m k X k SVqvc
Z]mÃR�SVq[X k bVc��	��
����������������������� ��\yb�cVZ]b
RTS�q[X k bVc!��	"$#�&%��'��(��
������PZ]n.sVq[Z]h_X5�CÑ0b9cV\_Z]q[Z]m¥R�SVq[X k bVc�pTZ5^&\yb�b�XL�Ps k q[Z£ÜY|*\ybJc
Z5UN��\_ULSVb�q
iS
pTZ5UJcV\yZ9�`w&bVqrX[UaSV\_Z5UrX[Z]b �¢Z5Ua�PZ]\yqrZ k S
~�c�\_Zå� k X[Z5U[�jtvb
w`X[Z]b*) � w&\yb�X[Z5U�UaZ5�`Z5Uaq k h,+xg]S cVZ]m

Ý



Eingang

unmarkiert
interner Knoten

eines Sub−Graphen

Blatt oder

zurückziehen

Wurzel eines
Sub−Graphen

Wurzel des Graphen

gehe zu

bereits markiert

gehe zu

linkem Kind

rechtem Kind

-/.&.103254&6&7�8�9	:1-;6�<>=@?BAC<ED'6&FHGHI'A�2505JK0LI�FK6&7�8�M�=@7ONP=@057Q<>I�F/GEI�M�I�FKJRA�2

7TSA�UWV&J><>I'7YXZI�FRD�[\I'0L8@6&7�8@J>]�7�=�<>I'7�D'6�F@S6&UK]QD'0LI'V&I'7$^T4�I�F_I'037�I'7�7�=�UKVY7&05UKVQ<_M�=@2523J><`SA�7&4&0L8a?BACFRb
]�0LI�FR<>I'7YcTI'052Lbed;FKACf1V�I'7gA�6&h�J>f A�7&7i<�jlk;AC.mI'0nFRI'J><RA�6�FK05I�FRI'7g[E0LF_410LIoM�=�FK?BA�25J�A�6�hp4&0LIB25037�]�I'7
q 037&4�I�FED�I'058�I'7&4�I'7rXZI�FR[\I'05J>I�jts;?uD'6rI�FR]�I'717�I'7$^m4&ACva4�I�F;clI'052wbedxFKACf1V!M�=@2525J><`SA�7&410L8�^1.&D�[yj
7&03UKVQ<�M�=@2523J>< SA�7&4&0L8!?BACFR]�0LI�FR<�03J><�^T.mI'7 S=�<R0L8�<z?BA�7Y.{I'0n.1057 SACFKI'7|d;FKACf V�I'7�I'037�D'6&J SAC<>D'2305UKV�I'J
}E~��&�&�K�o�3� hWS6&F���I'4&I'7OXZI�FRD�[\I'0L8@6&7�8@JR]	7�=�<>I'7tj{kx0LI'J>I�JR057&4�D'6r�\I�8@057&7O7&03UKVQ<E8�I'J>I�<>D�<�jm��FRFKI'0wb
UWV�I'7�[E0LFz.mI'05?�D'6�F@S6&UR]	D'0LI'V�I'7|I'057�I�XZI�FRD�[\I'0L8@6&7�8g4�I�FKI'7Y��25AC8Cb���0L<o7&05UWVi<�8�I'J>I�<>D�<B03J><�^PJR=
D�I'0L8�<�6&7&Jy4&A�J�A�7t^T4&ACv�4�I�F�25037�]�IBcTI'032wbed;FKACf1V�M�=@2525J><`SA�714&0L8O?BACFR]�0LI�FR<y[E6�FK4�I�^l4�I�FyFRI'UWVi<>I
�>I'4�=�UKV�7&=	UWVaD'6O?BACFR]�0LI�FRI'7a03J><�j
-;6�hx4&0LI'J>I'? q 7�=�<>I'7�[\I'UKV&J>I'25<�4�I�F�-;6�<>=@?BAC<�41A�7&7�057�4�I'7��$6&J><RA�7&4��	�����������>�K���Q���� 
¡�¢�£ ¤ 6&7&4rNnV&A�JRIo¥¦.mI�8@057&7Q<�jmk;05I'J>IzJRI�<>D�<_4&A�J§��25AC8Cb���0L<§6&7&4�S6�.mI�FKJRUKV&FRI'0L.&<E4&I'7!XZI�FK[�I'05J
A�6�ht41A�J�FRI'UWVi<>I q 057&4�?B0L<�I'057&I'?¨XZI�FR[\I'05J\A�6�h$4�I'7BX�AC<>I�F>b q 7�=�<>I'7$j�©/A�UWV&4�I'?ª4�I�FnXZI�FK[�I'05J
A�6�h 4&A�JZ25057�]�I q 057&4yD'6�M�=�FZFRI'J><RA�6&FK0LI�FR<P[E6�FK4&I�^`8@ACFKA�7Q<R0LI�FR<�6&71Jl4&05I'Jl4&05I\�nFRFRI'05UWVi.1ACFK]�I'0L<P4&I�F
XZI�FRD�[\I'0L8@6&7&8@J>]	7&=�<>I'7$^14&0LIxXZ=�FRh«A�V�FRI'7�4&0LI'J>I'J q 7&=�<>I'7&JHJR05714$j	kxA�7&A�UWVO[E05FK4�D'6&?¬I'V�I'?BA�23J
FRI'UWVi<>I'7 q 057&4!8�I�[\I'UKV&J>I'25<y6&7&4r4�I�F_-;2L8�=�FK0L<RV&?z6&J;8�I'VQ<_[E0LI'4�I�F§057�4�I'7��m61J><RA�7&4g�Q���������
 ¢,£&® ��  ¡�¢,£{¤ S6�.mI�F'^�[�=¦?B0L<HNnV1A�J>IB¯§I�FK7�I'6&<p.{I�8�=@717�I'7�[E0LFK4tj
©;A�UKV&4&I'?°410LI'J>I�F��m±Q]�256&J$I'714&2505UWV�IZ=�h,<�4&6�FWUKV&25A�6&h,I'7§[/6�FK4�I�^'05JR<lJRUWV&250LI�v@2503UKV_A�6&UWV�4&I�FlFRI'UWVi<>I
clI'052wbed;FWACf1VOM�=@2523J><`SA�7&4&0L8B?�ACFR]	05I�FR<�^ 6&714O4�I�F/-;2L8�=�FK05<RV&?�61Jp.mI�²17&4�I�<EJK05UKV�[E0LI'4�I�F;057ONnV1A³b
J>IB´�05?��m61J><RA�7&4g�����mµ�&� ® � ¢ ����� £ jl¶	<`S=�v�<_?�A�7!.mI'05?·D'6�F@S6&UR]�25A�6�h�I'7!A�6&hnI'057�I�XZI�FRD�[\I'0L8@6&7&8
4�I�FKI'7g�P23AC8Cb��\05<§8�I'J>I�<>D�<y05J><�^$J>=�D�I'0L8�<_410LI'JxA�7$^$4&ACvO4�I�F§A�7g4&0LI'J>I'? q 7&=�<>I'7�M�I�FR[E6�FRD�I'25<>I
clI'052wbed;FWACf1VrM�=@2525J><`SA�7&410L8�?�ACFR]	05I�FR<x[E6�FK4�I�^m6&7&4r4�I�F_GBS6&UR]	D'6�8a[E0LFW4�h�=�FR<>8�I'J><>D�<�jt¸�?¹�&A�2525I
I'057&I'JH7&05UWVi<p8�I'J>I�<>D�<>I'7���25AC8Cb���0L<RJE[E0LFK4�[E0LI§D'6&M�=�FH.mI'JRUKV�FW0LI�.mI'7¦M�I�FKh�A�V�FKI'7$j
k;I�FB-;2L8�=�FK0L<RV&?z6&Jz<>I�FK?B037&0LI�FR<�^l[�I'7&7�I�FBJK05UKV�7&05UWVi<�[\I'0L<>I�F�D'6�F@S6&UK]QD'05I'V�I'7�]³A�717$^P4tjºV$jlI�F
.mI�²17&4&I�<_JR05UKV�[E0LI'4�I�F�05?¹»�6�FRD�I'2Lb q 7�=�<>I'7�4&I'Jy¼;A�254�I�bed;FKACf V�I'7$jt¸�7�4&05I'J>I'?��&A�252�05J><y4&I�F

½



¾�¿@ÀoÁ ÂLÃ�Ä>Ä>ÃzÅ;ÆKÇCÁ ÈOÀBÇCÆR¾�ÉLÃ�ÆRÄ�Ê
ËÍÌÇ�È�ÆRÃ'Î&ÏaÏ&Ã'ÐpÑEÒ1Â3Ç�Ó�Ô�Ð�Ï�Ã'ÐpÕ;Ã'Ó�ÄRÐKÖKÈ�×eØ�ÖWÈ�¿�ÆRÆ>× Ë Ç�É5Ä>ÃyÑ/Â5Ù�¿�ÆKÉLÄRÈ&ÀzÓ&Ð�Ú	Û�Ã�ÆWÏ�Ã'Î�Ü{Ã'ÉLÙ�Ã�ÆHÓ&ÀBÙ�Ã�×
Òm¿�Ù�Ã'Î$ÝTÞ!ÇCÆR¾�ÉLÃ�ÆKÓ&Î�Ù�Ã'Î�Ù�Ã'ÐRÃ�Ä>ß�Ä�Ó&Î&Ï ÌÓ&Ò{Ã�ÆKÁ&Æ ÌÓ�Ô�Ä/Ó&Î1Ï!àZ¿�ÆKÙ ÌÇ�Î�Ù�Ã�Æ�Ò1ß�Û_Êtá/Ç�ÖWÈ�Ô�¿@ÂLÙ�Ã�Æ�É5Î1Ð>Á1Éw×
ß'ÉLÃ�ÆKÄ�Ê â;ÀuÏ&É5Ã'ÐHß'Ó!Ò{Ã�Û\Ã�ÆR¾�Ð>Ä>Ã'Â5Â5É5Ù�Ã'ÎaÒmÃ'Î Ì¿�ÄRÉLÙ�Ä/Ï&Ã�Æ/Ñ;ÂLÙ�¿�ÆKÉLÄRÈ&ÀzÓ&Ð/Ï�ÆRÃ'É$ß'Ó&Ð ÌÇCÄ>ß'Â5É5ÖKÈ&Ã�Ü{Ã'ÉLÙ�Ã�Æ`ã
ä{åtæ$æ$ç&èTé Ý{Ã'É5Î�Ü{Ã'ÉLÙ�Ã�Æ_Ï&Ã�ÆxÇ�Ó&Ô�Ï�Ã'ÎgÇC¾	ÄRÓ�Ã'Â5Â�É5Î&ÐRÁ1ÉLß'ÉLÃ�ÆRÄ>Ã'Îrê_Î�¿�Ä>Ã'Î�ß�Ã'É5Ù�Ä�ÝTë æ$ç�ìTí«îTåTï Ý{Ï&Ã�Æ
Ç�Ó�Ô$Ï�Ã'Î�ß'Ó�ð�¿�Æ�É3Î&Ð>Á1ÉLß'É5Ã�ÆRÄ>Ã'Îoê_Î�¿�Ä>Ã'Î�ß�Ã'ÉLÙ�Ä�Ó&Î1Ï ètç�ñTé Ý@Ï�Ã�Æ\Ç�Ó�Ô$Ï�Ã'Î�êyÎ�¿�Ä>Ã'ÎBß�Ã'ÉLÙ�Ä�Ý	Ï�Ã�Æ�Ç�Â3Ð
Î ÌÇ�ÖWÈ&Ð>Ä>Ã�Æ;É5Î&Ð>Á1É5ß'ÉLÃ�ÆRÄnÛ/ÉLÆKÏ$Ê�ÕxÇ�ÀBÉLÄpÛEÉLÆWÏ�Ó1ÎiÄ>Ã�ÆEÇ�Î1Ï�Ã�ÆRÃ'ÀòÐRÉ3ÖKÈ�Ã�ÆRÙ�Ã'ÐRÄ>Ã'Â5ÂLÄ�Ý&Ï&ÇCóBÏ&É5Ã_Ø�Ä>ÆKÓ�¾	ÄRÓ�Æ
Ï�Ã'ÐoÅ;ÆKÇCÁ È�Ã'Î�ÒmÃ'É5ÀôÁm¿@É5ÎiÄ>Ã�Æ�ÆRÃ�ð�Ã�ÆKÐRÇ�Â\Ã�ÆKÈ1Ç�ÂLÄ>Ã'Î�Ò ÂLÃ'ÉLÒ&Ä�ÊTõ�É5Î�ÃBÙ�Ã'Î1Ç�Ó�Ã�ö\Ã'ÐRÖWÈ�ÆRÃ'ÉLÒ Ó&Î�Ù!Ï&Ã�Æ
÷ Ó1Î�¾QÄRÉ5¿@Î&Ð>Û\Ã'É5Ð>Ã§ð�¿@ÎOÕ;Ã'Ó�ÄRÐRÖWÈ�×eØ�ÖWÈ�¿�ÆRÆ>× Ë Ç�ÉLÄ>Ãzø1Î&Ï&Ã�ÄHÀBÇ�ÎOÉ5Î�ùûú@¿@Î�Ã'ÐHÇ�Î&ÏOülÉ5Î&Ð�Ý$ý'þ�þ�ÿ��

����� �	��
�������������������������� �!#"%$'&)()$�"*()+�$',.-0/1�3254�$',
÷ ÌÓ�ÆBÙ�Ã�ÛzÌ¿@È&Î&Â5É5ÖWÈ�ÐRÉ5Î&Ï�Ï&É5ÃOØ�Ä>ÆKÓ�¾	ÄRÓ�ÆRÃ'Î�Ç�Ó�ÔxÏ�Ã�Æ76�ÆR¿�Ù�ÆWÇ�ÀBÀ�×)8;Ç�Â5Ï�Ãa¾�Ã'É5Î�ÃaÒ É5ÎTÌÇCÆRÃ'Î�Å;ÆWÇ³×
Á1È&Ã'Î$Ê�9�È�ÆRÃoê_Î&¿�Ä>Ã'Î�¾ Ì¿@Î&Î&Ã'Î$Ý{É3ÎrÑ/Ò1È ÌÇ�Î&Ù@ÉLÙ�¾�Ã'ÉLÄxð�¿@ÎgÏ�Ã�Æ:6�ÆK¿�Ù�ÆKÇ�ÀBÀBÉLÃ�ÆWÐ>Á&ÆKÇ�ÖWÈ�Ã�ÝmÒ{Ã'Â3ÉLÃ�Ò1ÉLÙ
ð�ÉLÃ'ÂLÃxàZÃ�ÆRß�Û\Ã'ÉLÙ@Ó&Î�Ù�Ã'ÎOÃ'ÎiÄRÈ&Ç�Â5Ä>Ã'Î$Ê�Õ;Ç�À�ÉLÄHÇ�Â5Ð>¿oÏ&ÉLÃ§Õ;Ã'Ó�ÄRÐRÖWÈ�×eØ�ÖWÈ�¿�ÆRÆ>× Ë Ç�ÉLÄ>Ã<;TÃ'ÖWÈ&Î&ÉL¾ ÌÓ�ÒmÃ�Æ>×
È&Ç�Ó&Á&ÄHÃ'É5Î&ÐRÃ�Ä>ß�Ò1ÇCÆ;É3Ð>Ä�Ý1ÀzÓ�ó¦ÐRÉ5ÃyÉ5Î�Ï&Ã�Æ/üTÇCÙ�Ã�Ð>Ã'É5Î!Ç�Ó&ÖKÈrÀBÉLÄEÃ'É5Î�Ã�ÆEðCÇCÆKÉ5ÇCÒ ÂLÃ'ÎOÑ;Î�ß'Ç�È&Âtð�¿@Î
àZÃ�ÆRÛ\Ã'É5Ð>Ã'ÎaÉ3Î�Ã'É5Î&Ã'ÀªêyÎ�¿�Ä>Ã'ÎaÓ&Àoß'Ó�Ù�Ã'È&Ã'Î$Ê�;EÈ�¿�ÆRÃ'Â5Â5ÉPù ;HÈ�¿�ÆRÃ'Â3Â5É Ýmý'þ1=?>?�tÂ5ÉLÃ�Ô�Ã�ÆRÄ\Ã'É5Î�Ã§ÞOÃ�ÄRÈ�¿C×
Ï�Ã�ÝCÀBÉLÄ>Ä>Ã'Â3ÐlÏ�Ã�ÆKÃ�ÆPÀBÇ�Î�Ï�Ã'ÎzÑ;ÂLÙ�¿�ÆKÉLÄRÈ&ÀzÓ&ÐTÃ'ÎiÄRÐ>Á1ÆRÃ'ÖKÈ�Ã'Î1Ï�Ã�ÆKÛ�Ã'ÉLÄ>Ã�ÆWÎy¾CÇ�Î&Î$Ê³õ�ÆPÔ ÌÓ�Ù�Ä�É5ÎA@�Ã'Ï&Ã'Î
ê_Î&¿�Ä>Ã'ÎBß�Û\Ã'É&ß'Ó&Ð ÌÇCÄ>ß'Â3É5ÖKÈ�ÃEà�ÇCÆKÉ5ÇCÒ1ÂLÃ'ÎtÝ@È&ÉLÃ�Æ�ÒmÃ�ß�Ã'É5ÖWÈ&Î�Ã�ÄnÇ�Â5Ð�B�Ó&Î&ÏDClÃ'É5Î$Ê1BaÃ'ÎQÄRÈ ÌÇ�ÂLÄnÏ1ÉLÃHÑ/Î�×
ß'Ç�È&ÂmÏ�Ã�Æ�àZÃ�ÆRÛ\Ã'É5Ð>ÃxÏ�Ã'Ð�ê_Î�¿�Ä>Ã'Î1Ð�ÝQÛzÌÇ�È�ÆRÃ'Î&ÏECZÃ'É5Î�Ã'ÎaÜZÌÇ�È&ÂLÃ�Æ�Ï&ÇCÆKÐRÄ>Ã'Â5ÂLÄ�ÝQÏ&Ã�Æ�Ï1ÉLÃ/ÀBÇCÆK¾	ÉLÃ�ÆKÄ>Ã'Î
;lÃ'É5Âw×eÅ;ÆWÇCÁ1È�Ã'ÎBß ÌÇ�È1ÂLÄ�Ý	Ï1ÉLÃEÉ5Î¦Ï�Ã'À êyÎ�¿�Ä>Ã'Î�Û/Ó�ÆRß�Ã'Â5Î$Ê�F;Ô,ÄRÀ�Ç�Â5ÐnÒmÃ'Î Ì¿�ÄRÉ5Ù�Ä�ÀBÇ�Î�ÎQÓ&ÆGCRÝ�Ï&Ç_Ã'É3Î
Ã'ÎQÄRÐ>Á&ÆRÃ'ÖWÈ�Ã'Î&Ï�Ã'Ð ÷ Ã'Â5Ï�Ô ÌÓ�ÆHB�Ò{Ã�ÆKÃ'ÉLÄRÐZÉ5À¨ê§¿�Á1ÔJIK8/Ã'Ç�Ï�Ã�ÆML�Ï�Ã'Ðnê_Î&¿�Ä>Ã'Î&ÐZ¾�¿�Ï&ÉLÃ�ÆRÄ�É5ÐRÄ�Ê1ClÈ&É3Î�Ù�Ã�×
Ù�Ã'ÎBÀzÓ�ó§Ç�Î�Ù�Ã'ÂLÃ�Ù�ÄZÛ\Ã�ÆKÏ�Ã'Î�Ó&Î1ÏzÐR¿xÏ1É5ÀoÃ'Î&ÐRÉ5¿@Î&ÉLÃ�ÆRÄTÐRÃ'É5Î$ÝCÏ&ÇCó§Ã'ÐJ9eÎQÄ>Ã�Ù�Ã�Æ>× Ë Ã�ÆRÄ>Ã;É5À ö\Ã�ÆRÃ'É5ÖKÈ
N Ò1É5Ð*B�Ð>ÁmÃ'É5ÖKÈ�Ã�ÆWÎ�¾CÇ�Î&Î$Ê&ÜmÓ�ö\Ã�Ù@É5Î&Î�ÐRÉ5Î&Ï¦Ï&ÉLÃOC × Ë Ã�ÆRÄ>ÃyÇ�Â3ÂLÃ�Æ\êyÎ�¿�Ä>Ã'Î�Ç�Ó�Ô N Ù�Ã'Ð>Ã�Ä>ß�Ä�Ê';HÈ&¿C×
ÆRÃ'Â3Â5É ÚºÐpÞO¿�Ï&ÉLø1¾³ÇCÄRÉL¿@ÎaÇCÆKÒ{Ã'É5Ä>Ã�ÄpÃQP�ÇC¾	ÄEÛEÉ5ÃxÕ;Ã'Ó�ÄRÐKÖKÈ�×eØ�ÖWÈ�¿�ÆRÆ>× Ë Ç�É5Ä>Ã�Ý{ÀBÉ5ÄHÏ�Ã'Àòâ;ÎiÄ>Ã�ÆKÐKÖKÈ&ÉLÃ'ÏtÝ
Ï&ÇCóR@�Ã'Ï�Ã'ÐKÀBÇ�ÂHÛ\Ã'Î&Î�Ã'É5Î�ê_Î�¿�Ä>Ã'Î�S ÒmÃ'ÐRÓ1ÖKÈQÄoÛEÉLÆKÏ$Ý�Ï&Ã�Æ7C × Ë Ã�ÆRÄ�Ó&À Ã'É5Î1ÐBÈ�¿�ÖKÈ�Ù�Ã�ß ÌÇ�È&Â5Ä
ÛEÉ5ÆKÏ$Ê$ö\Ã'É5À¹Ã�ÆKÐ>Ä>Ã'ÎYö\Ã'ÐRÓ&ÖKÈ�ÛEÉLÆKÏgÏ&Ã�Æyê_Î�¿�Ä>Ã'ÎTS ÐRÃ'ÂLÒ1Ð>Ä§ÀBÇCÆR¾�ÉLÃ�ÆRÄ�ÝlÏ&Ç�Î&Ç�ÖKÈYÓ&Î&Ï�ÒmÃ'É�@>Ã�×
Ï�Ã'À Û�Ã'É5Ä>Ã�ÆRÃ'Î�ö\Ã'ÐRÓ&ÖWÈ!Ï1ÉLÃyÞ�ÇCÆK¾	ÉLÃ�ÆWÓ&Î�ÙBÇ�ÀUC(×(Ä>Ã'Î�àZÃ�ÆRÛ\Ã'É5ÐEÔ,¿�ÆRÄ>Ù�Ã'ÐRÃ�Ä>ß�Ä�Ê$ú@Ã'Ï�Ã'ÐRÀBÇ�Â(Ý&Û�Ã'Î1Î
S ÛEÉLÃ'Ï�Ã�ÆxÃ�ÆRÆKÃ'É5ÖKÈQÄ§ÛEÉLÆKÏtÝ É5Ð>Ä§Ï�Ã'À�Î&Ç�ÖKÈgÏ�Ã�Æ:;lÃ'É5Âw×eÅxÆKÇCÁ1È$ÝmÏ�Ã�Æ§ð�¿@ÀVC ×(Ä>Ã'Î�àZÃ�ÆRÛ�Ã'É3Ð§Ç�Ó�Ô,Ù�Ã�×
Ð>Á Ç�Î&ÎiÄyÛEÉLÆKÏrð�¿@Â5Â5ÐRÄ ÌÇ�Î&Ï&ÉLÙOÀBÇCÆK¾	ÉLÃ�ÆKÄ�Êtõ�ÆRÆRÃ'É3ÖKÈQÄyÏ�Ã�ÆyÑ;ÂLÙ�¿�ÆKÉLÄRÈ1À�Ó&ÐWS Ó&Î1ÏgÐ>Ä>Ã'Â5ÂLÄ_Ô�Ã'Ð>Ä�ÝTÏ1ÇCó
CAXYB�Ù@É5ÂLÄ�ÝmÐ>¿aÉ5Ð>ÄxÏ�Ã�Æxð�¿@ÎTS Ç�Ó&Ô,Ù�Ã'Ð>Á Ç�Î&ÎiÄ>ÃZ;lÃ'É5Âw×eÅ;ÆWÇCÁ1Èrð�¿@Â5Â5Ð>Ä ÌÇ�Î&Ï1ÉLÙ¦ÀBÇCÆK¾	ÉLÃ�ÆKÄxÓ1Î&Ï�Û/ÉLÆ
ß'ÉLÃ'È&Ã'Î�Ó&Î&ÐyÇ�Ó�ÔHÏ�Ã'Îgà�ÇCÄ>Ã�Æ>×�êyÎ�¿�Ä>Ã'Î|ß'Ó�Æ@ÌÓ&ÖK¾ ÝlÛ�¿rÏ&ÉLÃ¦Þ!ÇCÆR¾�ÉLÃ�ÆKÓ&Î�Ù@Ð>×)6nÈ&Ç�Ð>ÃoÃ'ÎQÄRÐ>Á&ÆKÃ'ÖKÈ�Ã'Î&Ï
Ô�¿�ÆRÄ>Ù�Ã'Ð>Ã�Ä>ß�ÄxÛEÉLÆWÏ$Ê Ø	¿@Â5ÂLÄ>ÃyÃ'ÐH¾�Ã'É5Î�Ã'Î�à�ÇCÄ>Ã�ÆxÙ�Ã�Ò{Ã'ÎtÝ Ð>¿�ÐRÉ5Î&Ï�ÛEÉ5ÆEÇ�Î!Ï&Ã�Æ Ë Ó�ÆRß�Ã'ÂlÇ�Î�Ù�Ã'Â5Ç�Î�Ù�Ä
Ó&Î1ÏaÏ&ÉLÃyÞ!ÇCÆR¾	É5Ã�ÆKÓ&Î�ÙoÉ5Ð>ÄpÒmÃ�Ã'Î&Ï&Ã�Ä�Ê

����[ \],G��&_^�`a$
Ñ;Ó�ÔmÏ�Ã'ÎoÃ�ÆKÐ>Ä>Ã'Î¦ö�Â5É5ÖR¾zÒ1ÉLÆKÙ�Ä�6l¿@É3ÎiÄ>Ã�Æ5bHÃ�ð�Ã�ÆKÐRÇ�Â1Ù�ÆR¿�ó�ÃEàZ¿�ÆKÄ>Ã'É5ÂLÃ�Ê Ë ÉLÆnÈ&ÇCÒmÃ'ÎoÏ&É5ÃA6�ÆR¿�Ò1Â5Ã'ÀoÃ�Ý
Ï&É5Ã\Ã'É3Îoê§Ã'Â5ÂLÃ�ÆZÀBÉLÄZÐRÉ3ÖKÈ�Ò&ÆKÉ3Î�Ù�ÄlÃ�ÆKÔ,¿@ÂLÙ�ÆKÃ'É5ÖKÈoÙ�Ã'Â Ì¿�ó�Ä�ÝiÓ&Î&Ï�ÐRÉLÃ'ÈQÄZÀBÇ�ÎoÃ'É5Î1ÀBÇ�Â	ð�¿@ÀcF;ð�Ã�ÆKÈ�Ã'Ç�Ï
Ï�Ã�Æ;ß'Ó&Ð ÌÇCÄ>ß'Â3É5ÖKÈ�Ã'Î�à�ÇCÆKÉ5ÇCÒ1Â5Ã'Î�É5Î!Ï�Ã'Î�ê_Î&¿�Ä>Ã'Î!ÇCÒtÝ{Ï&Ç�Î&ÎaÒmÃ'Î Ì¿�ÄRÉ5Ù�Ä/Ï�Ã�Æ;Ñ/ÂLÙ�¿�ÆWÉLÄRÈ&ÀzÓ&Ð�d�e�f�g
h�ikj f iml fon�p jqimr Ê�ö\Ã'ÀoÃ�ÆR¾�Ã'Î&ÐRÛ�Ã�ÆRÄoÏ&ÇCÒmÃ'É\É5Ð>ÄzÏ&ÉLÃE;PÇCÄRÐRÇ�ÖWÈ�Ã�ÝZÏ&ÇCórÏ&Ã�Æ�ê_Ã'Â5ÂLÃ�Æ�Î1É5ÖKÈQÄyÃ�Ä Û\Ç
Ç�Ó�Ô�Ù�Ã�Ù�Ã�ÒmÃ'ÎrÛEÓ�ÆKÏ�Ã�Ý&ÐR¿@Î&Ï�Ã�ÆKÎ!É5Î�Ï&É5Ãyê_Î�¿�Ä>Ã'ÎrÏ�Ã�Æs6nÆR¿�Ù�ÆKÇ�ÀBÀo×)8/Ç�Â5Ï&ÃyÄ>ÆKÇ�Î&ÐRÔ,Ã�ÆKÉ5Ã�ÆRÄHÛEÓ�ÆWÏ�Ã�Ê
õ�É5Î�Ã'Îaö\Ã�Û�Ã'É3ÐEÈ&ÉLÃ�ÆKß'ÓaÂ5ÉLÃ�Ô�Ã�ÆRÄ�àZÃ'É5Â5ÂL¿@ÎaÉ5Î�ù àZÃ'É3Â5ÂL¿@Î$Ýtý'þ1=Cÿ��(Ê
Ø	¿�Ã�tBß'ÉLÃ'ÎQÄ§Ï&ÉLÃD6P¿@É5ÎiÄ>Ã�ÆWbEÃ�ð�Ã�ÆKÐRÇ�ÂH;lÃ'ÖKÈ&Î&É5¾�Ç�Ó&ÖKÈgÀ�ÉLÄ/Ï�Ã'Àu6�Â5ÇCÄ>ßoÓ&ÀoÙ�Ã'ÈQÄ�ÝmÏ1ÉLÃ�ülÇ�Ó�Ô,ß�Ã'É5Ä

=



vwxzy|{�w�}xz~q�����<vw��?���:�����1���������������'~:�T��y�wx��qxz���Zxz�#�����?~��?�s~qx��J�O��{�����y�w����<��v������q�'�����qxz�
��w���q��w�����xz�E�����'�?�D�G������xz��wA�����q{1v����Zx��A�?���3xzy�wx�w����|v�~���v%y�wx����?w�y���x: ¡�?����y�x���xz�¢�7y|w*xzy|��xz�
£ xz����x��z�H¤¥y�xzvx¡�O���������7x§¦sy���~¨���1�©~qx��Eª��?w�v������qx	�'��wx����«���qx���w��G~��?�T¤Oxz�qw�v�����¬�����q�����¬
�T��y�wx¢xzy|��xz� £ ����wxz�®y|�°¯Hx����|�����A~qxzv< 	�?����y�x���xz��v<�7y|�'~qxzvwxz��v§±�²	³µ´m¶< ¡���*�3xzv�������xz�
�<�q�q�m¦5xz����²E~�y�x��O�q�z������vxzy|�qx���¯Hx���¦5xzy|vx*y�vw��k¤Ox�� £ xz�|��x��¬)�O��{�����y|w����#�'v���y|�q{�x�{�xz�����1�7��w
�7y|w5��¦5xzy�·5xzv������qxz�¹¸'��� £ �q��wxz�¹����vz��º3��vm»�?w�z�|y����qxW·5xzv������qx:x���������~qx����¢�z�'vm»�?w�z�|y|���qx#��¸3xzy¼¬
���qx����z�q{���y�½¾x��%¤¥y�x0�T���q��v����qxzy|����y|���q��xzy|wE��»�q�¢xzy|�qxz�¿~��?�����'vE��xzv�����w�y�x���xz��~qxz�ÁÀÂ¸��?{�xT�����'��w�Ã
�|y|x�{�w*���|v�<�3xzy'¤Oxz�qw�v�����¬�����q�����¬Ä�T��y�wx:�'�q{�xz�Zxzy|�§� »�1�qx������|v*�¾xzy�~qx�� £ xz�|��x��¬Å ¡x�w��q��~qxs�'��~
�?�����R�z�¹~�����vw�y|v����qxz�R¯Hx�����»��{�x������q{�xz�	��»������xz���qÆs�'~¹vxz���'v�w5�3xzy3¯Hx����M»�q{��'�?����xzy�w�~qx���¤¥�?wxz�
y|�o��¸3xzy|���qx�����~qx���Ç�������x�y�vw�~���vJ·5xzv������qxz�Dxzy|�qxzv £ �q��wxz�'v�wxz����x��È����v��3xzy|� £ xz�|��x��È�'��v�y|x��¬
wxz�§ ¡�?����y�x���xz���?¤¥y�xA�È�1y|��wx��*É�x���x���v�����ª�xz���'��y��D�#�q�:��»���7�|y|���D�z��vm»�?w�z�|y|���Z�z���o�7�?����y�x���xz�
~���v#ÊJ�|�?{?¬)·�y�w:¸��1»���Ëxz���3xz��w�v¸���xz���qxz��~®vx�w��xz�®�'��~0��y|x��<º¾xzy�{�x��¬Ä�]x���wxE��xzvxz�Ì����~0�z�q�1»�'����¬
v����q��xzy��3xz�Í±ÄÎ�Ï�Ð�Ð�Ñ�Ò�Ó���Ô�Ð�Ñ�Õ�Ö�×�Ï�Ø?��Ò�ÑqÙ�Ó¨����~Ìxzy|�qx��<~qx��#¯Hx���¦*xzy|v�x§y|� £ �q��wxz�Úvxz���'v�w�¶��
¦#»������xz��~R~�y�x £ xz�|��x��¬)ª�xz�����'y��7xzy|�q�K�����¡xzy|�qxz� £ ����wxz�R���1� £ xz����x��A�q�1��w��
ª�����w��~�y|xzvxzvAv�������xz����wxz�¡�s�'v������qxzy|~�xz��v�y|�R~qx��AÛ������Ë��xzy�wA�Èx����������7���'�Qx:¦�y���~¢�È�1y|��wx��sÉ�xQ¬
��x���v����*~qxz�'�q�����Ty|�Ìxzy|��y�{�xz�®��Ü�vwxz�7xz�T�z�q�D ¡�?����y�x����'�q{¹xzy|�q{�xzv�x�w��w��ÈÝ*y|�T·5xzy|v¸'y|xz�H~��?��»���
y|v�wA~�y�x¥���'�q��w�y|�1������xW������{������7�7y�x���v�¸���������x#Þ0ß�àÂá?â¾ã1á]ä ª������qx��z��´zå�æ��?çÄ�

è é ê%ë�ì�í�î�ë�îGïñð°íÂòoóôíÂò�ðõêAöD÷

·�y|v���x����¾xzv�w�����~:~���v� 	�?����y�x���xz�W���1�:x�����xzy|�����'�?��xz� £ �q��wxz�:y����qx��������|�sxzy|��xzv�øs����~qxQ¬ùO���?¸'��xz�
~��?��y|�Zxzy|�Ev¸3x��zy�xz�|��xzv�·�y�w5y|�7xzy��qxz�.x�����xzy|�����'�?��xz�¢úO��}x���w*�z�«vx�w��xz����Ê »�q�5{�x�¦ »�1�����|y����7v�y���~
y|�§~qxz�RúO��}x���wxz�§v�1�|���qx¥·5y|w�v*��y�����w*������{�xzv�xz�qxz���qv�#~'�?�<�7���§�z�§ª���y|����vG{���xzy��Ëxz�§�<�q�<�'�
xzy|��xD 	�?����y�x������q{1v��¡»��{1�|y|���q��xzy�w��z�0���?�3xz���J±KÆs��wx��:����~qx���xz�û{���xzy��Ëw¥�7���0���q�������3xz����w��wx
·�y�w�v%�z����»�����¾�'~�y|x¥�«���¹y|�¨»�q�3x���~�y��Zxz��v�y��1�'y�x���wxz�«øsxz��~qx��¬)Ê�xz�|~qx����¡ü'��~qx�wQý�¶��
Ý*y|�qx��O��wx������?w�y���x5~��?�z��v�wxz�|��w�~�y�x*·*xz���qw�z����{Axzy|�qx��È·5y|w��7�?¸#ªÈ�?�3xz�|��x�~��?�z�k¤Oy|xGÝGy|��w�k»�?{�x�xzy�¬
�qx��Jv�1�|���qxz�<ª��?�3xz�|��x5v�y|��~:xzy|�q��xz�|�qx5·�y�w�v��aþ1xz~qx��s~q��xzv�vx*y��ô�O~q��xzv�vÂ¬)És�����Y~qx��È�G����{������7�Z¬
øO���|~qx��3~�y�x<���|v:��w��?��wÂ¬)�O~q��xzv�vx<xzy|�qxzvWúO��}x���wxzvO~'y�xz�qxz�	�a�������¾y|v�ws�7y�wsxzy|�qxz�uv�1�|���qxz�ÿ·5y|w
��v�v����zy|y�x���w����Âvw�xzy|�¢·�y�w%{�xzvx�w��w��'v�7y�vw5~'��vA���R~qx��%��v�v���zy|y|x���wxz�¹�O~q��xzv�vx¥�3x�{1y|����xz��~qx¥ú¥�q¬
}x���ws�7�?����y�x���w�������~qx����q�������|v*�'y|����w��'¤¥y�x#ùO�k»����x�xzy|�qx��A·�y�w��7�?¸¡ªÈ�?�3xz�|��xWy|vw�»������x���vw%{�x���y|��{q�
�Â�Z¸'��xz�7xz��w�y�x���w*���|v*xzy|�q�K�����qxzv��|y��qxz�?��xzv5·5y|wÂ¬)�������zÜ7��x�����»����w5v�y�xOv�y|���§���Z{�x���xz�q��w*¸�����¸¾����w�y��?¬
�������z�q�OùO�k»����x#~qxzv%����xzy|��vwxz�¡ú¥��}Âx���wxzv��'~'��vA���q�J~qx���øO���|~qx:���|������y�x���w�¦5x���~qxz�R�?�������
 	y�w��Zxz����x���xz�:ªÈ�?�3xz�|��xz�«±���� ·O�m�M»�q���'��wx���v�����y�xz~'�|y|���¥{�������x%úO�q}Âx���wxk¶3�|��v�v�xz��v�y|���:���q�'ùO���'��~
~qx��¥ùO� »����x#~�x��súO��}x���wx����'���¡·�y�w�vAxzy|��v¸'�?��xz���

�s�'v������|y�x���xz��~��a���'�©{�xzv��?{�w§¦*x���~qxz���*~'�?�®·�y�w��7�?¸'v«��¦*xzys�3xz~qxz�qwxz��~�xR¯H����wxzy|��xÿ���?�3xz���
º3�'�ôxzy|��xz�#�M»���q��w�~���vJ���1»�q�Ëxz�<����~Z�����q��xzy��3xz�<~qx��� ¡�?����¬)·�y�w�vJ��y|����wH�Zxz�q�J�z�D�J�?{�xAÊ�������w�vz�
~��:¦*x�{�xz�§y|�q��x��G{�x���y|�q{�xz�¢ùO�k»����xs~'y�xA·�y�w��7�?¸EªÈ�?�3xz�|��x%���1�Z¸���x�ww*y|� Ç������qxs{�xz������wxz�E¦*x���¬
~qxz�Í�?�������%º3��� ����~qx���xz� {1y���w§xzv§��xzy|�qxT�����q��xzy����z�q{���y�½¾x¡������øs����~qxQ¬úO��}x���wx ±�{�xzvx�w��w
~qxz�ÿÊ����|�È~qx��W�O��{�����y�w����<��v����1�7��w¥�1����x��z��vm»�?w�z��y|���qx7��wxz�qx����'y�w�v����'v�¶A�'��~¡�J�?{�xZÊ�������w�v
� »�1���qxz�E���q�5~������E���q�Ëw��x�wxz����¦5xz���E¯Hx���¦*xzy�vxs~qx���x��Ëx���xz���zy�x���w�¦5x���~qxz����Ê »�q�*~�y|x��s���Ë� »���'�D¬

����� 	
����������������������� �!��"$#&%�'(��)+*,��"&-/.0*,132/45"&264 "�78�9*,��:����&);-9�� ����*=<?>�-�������1@�� ��5:6�A	B�*,"����9*,%DC26E��,45 F�E
"� �G�H<!�!2I�� �$J
���=26E�4HK��+*,���,"�FLE� �=��4  FLE����M�����?���N��E!�L�
:6���, �!:O "P*

æ



QSRUT?V=W�XYW9Z�W9[�\=W+\3Z�T?V3V=]?^�TG_9`�Z�TGabT?[�ced=fgW+XYW9hUZUig^?W9jbklX�m�W+no\3hUigW9pqT?frVSs9[U^?W+^?_/iutYW9hwvxig_6Z�y
zeigW9V=WqV/ig^�hUig{UnGT?hD\=W}|xW9ZU[�s9igW+_/[�h�^b~?]�h����BW9ir�/R�W+_�s9[U^?_/iutYW9h�vxi�_/Z�m=W9Z�]��/R�\=W9i�f�vSW9i�V�W�~?]�h�ZUW+_
n?]�p���fgW;�oW9h��Y[�^?_6iutYV/TG_�\�T?[�c3ZUi�Wb��i�hD\=_��TG^?W�i�h�Z�W+_��Aig\�pqTG���
TGXYW9f�f�WqvxigW9Z�W+_}T?[�c(^?W9R�]?XYW9h�y
��W9hUh�Z�T?ZU[�_/�6Rqm=W9Z�]��/R�Q�TG^?Wq�UT?[Ufg\�Ve~?W+_6pqigW9Z�W9h�vIW+_/Z�W9h�nY�]�h�h�W9h�`Yi�V=\eZ�W+_�ZUTG_/T?[UVl_�W9V�[�fu�
\�igW+_/W9hUZ�W��BW9ig\=^?W+vNi�hUh�vIW9ig\�T?[UV3^?_!�]?a?W+_lT?f�VxZ�W+_3� W+_/f�[�V=\xZ�W+_xZ�[�_/�/R�ZUigW��Aig\�pqTG��XYW9ZUirh�^?\=W9h
�Y[U^?_/iutYW?y

¡ ¢¤£�¥9¦S§¨ £�©«ª�¬¬ ¨O®M¯° ª$± ¨ ¦�¥

��W9hUh²^?W+^?W9h´³µTG_�nD���ovSW+W+�¶TG_�^�[�p�W9hH\�i�W+_�\bvxi�_/Z�`�V=]·^?W9V��6RUigW9RD\�Z�igW9Vbp�W9irV=\bvIW9hUig^?W+_¸T?[�c
¹ _6[UhUZºZ�W+_wT?h�^?W9V=��_�]o�6R�W9h�W9h¶Q�_�]?X�fgW9p�W?`OZUi�W�Z�igW�³µTG_�n�igW+_/[UhU^�V���Q�RUT?V�W�T?[Uc8vxi�_�c8\+yA��irh�W+_
Z�W+_�»NT?[���\�hUT?�/RD\=W9i�fgWqi�V�\�~oigW9frp�W9R�_�Z�W+_�f�irh�W9TG_�Wb���+T?h�Z�W+_�n?]�p���fgW+\=\=W9h�Q�_�]?^?_/T?pqp���»NT?f�ZUW
v��T?RU_�W9hUZ}Z�W+_&¼l[�c(_��T?[Up���QSRUT?V=W?yG³�ig\&Z�W9h}R�W9[�\�ig^?W9hq�o�YW9i��6R�W+_=��¼N_/�/RUi�\=W+nD\�[�_/W9h�T?f�fgW+_6ZUi�h�^�V�irV=\
W9i�hUW���T?[UV��6RUT?fgW�¼lhUT?fg½�V=W�hUi��/RD\3p�W9R�_Np �]?^�f�i��6R�y���i�h¸f�irh�W9TG_�W+_N���+T?hwZUW9Vx�o�YW9i��/R�W+_6VOi�V=\AXYW9iu�
V=��igW9f�V=vIW9i�V=W�~?]?_6R�W+_/V�TG^?X�TG_�irp¾� W+_�^�f�W9i��/R�s9[�Z�W9h�s9[�c=�T?f�f�ig^?W9h��Y[�^?_/iutYW9h�ZUW+_�³µTG_�n�igW+_/[UhU^�V��
QSRUT?V=W$]�Z�W+_�Z�W+_M¿�]?��igW+_=��QSRUT?V=W�~?]�hÁÀ6Â6Ã�ÄGÅ8ÆoÇ3ÇHÈGÉ9Ê�È�ÇDËOÀ6ÂGÌ8Ì�Ë�À�ÍPÅPÂ?ÆUy��Si�h�WS�o�YW9i��6R�W+_=��¼N_/�/RUi�\=W+nD\�[�_�`
ZUi�WIÃ�É=Ë+ÎÐÏ9Ë+Í,À+ÑHÅ(ÆDÇq[UhD\=W+_/V=\?�[U\=s+\+`DV=]?_�^?\Ipqig\$Z�W9p¤^�fgW9i��6R�s+W9ig\�ig^?W9hqÒ
T?Z�W9hq~?]�h�ÓlT?�/RDX�TG_=���oW9ig\=W9h
Z�W+_O^?W+vq�[UhUV��6RH\=W9hµ��W9ig\=W�c6�[U_IW9irh�W�|3W9ZU[�s9i�W+_/[Uh�^}~?]�hwQ�TG^?W��UT?[Uf�\�V3i�h�Z�W+_3¼l[�c8_!�T?[Up���Q�R�T?V=W
[Uh�Z�vxig_�no\OV�i��/R�ZUT?pqig\O�Y]�V�ig\�i�~bT?[�c�Z�W+_�W9hwf�irh�W9TG_�W�ÒMT?[�c(s+W9ig\3T?[UV9y
³µig\A�Ii�\�pqTG���&TGXYW9f�fgW9h�`HvxigWNV/igWxi�pÔfgW+\=s+\=W9h�¿�TG��ig\=W9f�XYW9V��/R�_6igW+XYW9hqvx[�_6Z�W9h�`?vxig_6Zbho[�_Sh�]��/R
T?[�c&ZUigW�¿�h�]?\=W9h�s9[U^?W+^?_/iutYW9h�`UZUigWlc8_/W9ig^?W+^?W+XYW9h¸vSW+_6Z�W9h¸V=]�f�fgW9h�`oZUT�V�ir�/R¸ZUigWes9[¸f �]�V/�/R�W9hUZUW9h
³µTG_�nD���Ii�\�VNi�h�W9irh�W+_N�Aig\�pqTG��XBW+{�hUZ�W9h�`�ZUigW�pqW9i�V=\3n?]�p���fgW+\=\Ni�pÖÕAT?�/R�W�^?W9RUT?fg\=W9hµvSW+_/ZUW9h
nGT?hUh�y
�o]�fr�/R�W¸V=�YW+s9igW9f�f�W9h���i�^?W9hUR�W9ig\=W9h�RUTGXYW9h·ZUTGs9[�^?W+c6�[�R�_�\+` ZUTGa�ZUigW�ÒMT?[�c(s+W9ig\�Z�W+_�¼N[Uc8_��T?[�p��
QSRUT?V=W�hD[U_eV/�/RDvSW+_�]�Z�W+_e^�TG_�hUi��6RH\es9[�XYW9V=\�i�pbp�W9hµirV=\+yBzlW9hUhU]o�6R�i�V=\eV�igW�T?[U�/R�vIW9ig\=W+_/R�i�h
pqi�\=~?W+_/T?hH\LvS]?_/\�f�i��/R�c �[�_l[Uh�^?W+vI]�f�fg\ef�T?h�^?W�×lhD\=W+_�XU_�W9�6RD[UhU^?W9h�Z�W9VN�IW9ho[�\=s+W+_�Q$_/]?s+W9V�V=W9V+yYØ�h
ZUi�W9V=W9pÙ¿�TG��ig\=W9f�vSW+_/ZUW9h�Z�T?R�W+_Ss+vIW9iY¼Nh�V��TG\=s+We~?]?_�^?W9V=\=W9f�fg\+`�ZUi�WNZUigWl×NhD\=W+_�XU_/W9�/Ro[Uh�^�ZU[�_/�6R
ZUi�W�s+vIW9ig\=W�Q�RUT?V�Wµ~?]�h¶³µTG_�nH����vSW+W+�¶~?W+_�n&�[�_�s+W9hºV=]�frf�yS�IW9i�Z�W�cPT?f�fgW9h²i�h@Z�igWµV=]?^?W9h�T?hUhH\=W
¿�TG\=W+^?]?_6igW�Z�W9VNÚ8Û�Ü?ÝßÞ+à�áDáoâ&ãPä
å�Þ?y

æ�çLè é·ê$ë
ì$í�îoïOð3ñYò�óõô&ö�í�íU÷SøLù$ë
zeT?V�Q$_6i�h�s9ig��~?]�h�Ò
TGs+½��ovIW+W+��i�V=\�_/W9�/RD\}W9irh�c(T?�6R�y�¼NhUV�\�TG\=\�irh�Z�W+_�¼l[�c8_!�T?[Up���ú,��vSW+W+����û
QSRUT?V=W¸V��T?p�\�f�i��/RUW9h�` hUi��/RD\�hD[�\=s+X�TG_�W9hü�o�YW9i��/RUW+_�c(_�W9igs9[�^?W+XYW9h�`&XYW9V��/RU_��T?h�no\}pqT?h�V�ir�/R�T?[�c
W9i�hUW ¹ _��]?a?W?`!ZUigW$Z�W+_M¼lh�c(]?_/Z�W+_/[�h�^3Z�W9V��IW9ho[�\=s+W+_&Q�_�]?s+W9V�V=W9V
W9hD\�V=�U_/i��6RH\+y�¿�]�hUhD\=W�^?W9h �[�^?W9h�Z
�o�YW9i��6R�W+_�s9[U_�� W+_�c6�[�^�[Uh�^�^?W9V=\=W9f�fg\SvSW+_6Z�W9h�`DV�]�vxig_6ZÁ�ovIW+W+��TGXU^?W+X�_�]o�6R�W9h�[UhUZ�W+_/V�\�vxigW9ZUW+_
T?[�c(^?W9h�]�pqpqW9h�`YvSW9hUh�W+_/hUW9[�\NW9irh�W����BW9ir�/R�W+_=��¼lh�c(_/TG^?W�^?W9V�\=W9f�fg\evx[�_/ZUW?y�¼lhUZ�W+_/h�cPT?f�f�VNp�[Ua
³µTG_�nD���ovSW+W+�µ~?]�hw~?]?_/hUWÁúPpqig\3Z�W+_x³µTG_�n�igW+_/[UhU^�V���Q�RUT?V�W�ûSXBW+^�irhUh�W9h�y
zeigW��ovIW+W+����Q�RUT?V�WNvxi�_/ZbT?f�V�]}ýo[UT?V�iu�,��TG_/T?f�fgW9f�s9[�pÔfrT?[�c8W9h�Z�W9hbQ�_�]?s+W+a�T?[UV=^?W+c6�[UR�_�\+yozli�W9VIirV=\
p��]?^�fri��/R�`?ZUTeZ�W+_$�;]�frfgW9�;\=]?_�ho[�_�klX�m=W+nD\=WOc(_�W9ig^?W+XYW9h}n!T?h�h�`!Z�igWA~?]�põ�IW9hD[�\=s+W+_SQ$_�]?s+W+a�hUir�/RD\
XYW9ho[�\=s+\SvIW+_/Z�W9hÁn��]�hUh�W9hb[�hUZbi�p ¹ W+^?W9h�s9[U^�Z�igWN³µTG_�nH���Aig\�VAZ�W+_IW9i�h�s+W9frh�W9hb¿�hU]?\=W9hÁhUir�/RD\
~?]�h�T?hUZ�W+_�W9h�Q$_�]?^?_/T?pbp�W9h�pqT?h�ig��[Uf�i�W+_�\SvIW+_/Z�W9h�`UZUTqV�igW�hD[�_NV�i��/RD\=X�TG_Nc6�[�_3ZUW9h��;]�f�fgW9�;\=]?_
V�irhUZ�y�ÒMTGs+½���vSW+W+��irh�^¸_�W9ZU[�s9i�W+_�\�T?f�V=]�ZUigWq×lhH\=W+_�X�_�W9�/Ro[Uh�^?W9h�`&i�hUZ�W9pþW9V}ZUigWq¿�]�V=\=W9h�ZUW+_
�ovIW+W+����QSRUT?V=W�T?[�c�ZUigW��o�YW9i��6R�W+_=��¼lf�fg]?nGTG\�ig]�hUV���QSRUT?V=We\=_/T?hUV�c8W+_�_6igW+_�\+y

ÿ



next block header to be reclaimed
size of objects in the block
object descriptor for marking
valid object map
object kind (atomic, normal)
header flags
when last reclaimed

bitmap table
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ö Û�Ühø�äÊñ6õ1ø�Û"ù Û�ø�ú�ø	ø�ä ï:ô;à&ä â�á�Ýâ8ëÝ�è�ï�ð Û"ð Û"íNÛ�ÜÌû:Ú5Û�Ü�Ü ö Þ�Û�æ�ñ+Û"Û"çõ1ã(é�ô ò&Û*à&Û"âAþ�Þ�Ü�Þ�Û"â'à"÷fô;íJÛ"â�Ü�Þ	è'é�à
ð Û�Ü ëÝ�ð Û�Ü ö æ�çJÛ�Þ�è'é�Û"â�á�Ý�â.-@Û"â�ê ëÝ�ð8Ý�Üð�ò&à&Û�ø�ø�Û�Ühï ä8Ü�Ü�à&Û6ñQÞ�â ö Û�Ü�à1ñ+Û ö Û"â�÷8êYô ø�ø�ò ö Þ�Û�ò�Ü�Þ�è'é�à@ò�è'éä8Ü
á�Ýù ä â_ð Û�ò�èAéÛ�Ü¯Þ�ò&à"÷�Û�Þ�Ü[ÜÛ�Ý�Û"â=ð8ô;â�í�ô;ð ÛCè7ä8ø�ø�Û�è7à�Þ�ä8Ü ã(â�ä á"Û"åuíNÛ"ð ä8Ü�ÜÛ�Ük÷�ô Ü ö Û"â'ÜêYô ø�ø�ò�ñQÞ�â ö
ö Þ�Û/'�ô ø ö Û�ù ä8þ ø�äÊñ6õ1ø�Û"ù Û�øÌúOø�ø�ä ï;ô;à&ä â ö ÝâAè'éCÛ�Þ�Ü�Û�ÜCÜÛ�ÝÛ�Üaß�ø�ä�è�ïIÛ"â�ñ+Û�Þ�à&Û"â�à"û
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ÿOÛ"â4�jô;â�ï�õ`æ�ñ*Û"Û"çCð8ô;â�í<ô;ð Û´è7ä8ø�ø�Û�è7à&ä â�ä�INÛ"âAÞ�Û"â�à�Û�Þ�Ü\ç�ô ô;â6íJÛ�þ/Û"â�ï Û�Ü�ò&ñ+Û"â�à&ÛH-@ä â�à&Û�Þ�ø�Û û�æ�Û�Þ	ÜÛ
ü ëô é�Þ�ð ï Û�Þ�à&Û�Ük÷náJ�ï�ø�Þ�ò�èAéÛ\ÿ�ô;à&Û�Ü�ò�à&â'Ýï�à�Ýâ�Û�Ü ä8é�ÜÛ\á�Ý�ò ëô;à&á�ø�Þ�èAéÛ�Ü¯ú�Ý�ê�ñ�ô Ü ö á�Ý[íJÛ�é�ô Ü ö Û�ø�Ük÷
ö Û�Ü�ù Û"â�ê ëÝð í�ô;â�Û�ÜCæ�çJÛ�Þ�è'é�Û"â(Ü�ô éÛ"á�Ý\ù ä8ø�ø�ò&à ëô Ü ö Þ�ð ö Û�Ü\ß*Û�Ü�Ýà&á"Û"â6ãWâ'ä á"Û�ò�ò&Û�Ü\á�Ýâ:-@Û"â�ê ëÝð8Ý�Ü�ð
á�Ý£ò&à&Û�ø�ø�Û�Ü�KÝ�Ü ö¤ö ô òPò�Þ	þ/ç�ø�ÛL+`Ü�à&Û"â�êYô è7Ûuá"ñ�Þ�ò�è'é�Û�Üzß+Û�Ü�Ýà&á"Û"âã(â�ä ð â'ô þ�þ Ý�Ü ö è7ä8ø�ø�Û�è7à&ä â
�Uï Û�Þ�Ü�ÛE-@Û"â�ñ+ô ø�à�Ý�Üð�ù ä8Ü�-@Û"â�ñ+Û�Þ�ò&Û�Ü6!A÷ ù Û"â'ò�è'é�ô"INà+Þ�é�þ Û�Þ�Ü�Þ�ð Û6ú�à&à&â'ô;ï�à�Þ�ù�Þ�à ëô;àWð Û"ð Û�Ü ëÝ�íNÛ"âWô Üõ
ö Û"â'Û�ÜNM�ä8ø�ø�Û"ï�à&ä â�Û�ÜkûNÚ5Û�Ü�Ürß�Þ�à�þ�ô;çN%�ô;íJÛ�ø�ø�Û�ÜuíJÛ�Ü�Ýà&á"à�ñ+Û"â ö Û�Ük÷Jï;ô Ü�Ü�ô Ý�è'érÛ�Þ�ÜÛ��aÛ�Üð Û
ã*ø�ô;à&áQð Û�ò&ç<ô;â�à*ñ+Û"â ö Û�ÜÌ÷ ö Û"â*á�Ýù ä â+ô;âAè'é�Þ�à&Û"ï�à�Ýâ�íJÛ ö Þ	Üð àWí�Þ�òWá�Ý�Û�Þ�Ü�Û"â�óOâ ëä å Û�Ü�ä â ö Ü�Ý�Üð=ù ä8Ü
ßOJ�à&Û�ò6ç�â�äPM´Üä à&Û�ÜPá�ÝâE�ô;â'ï�Þ�Û"âAÝ�ÜðhíNÛ�Ü�ëä à�Þ�ð à*ñ+ä â ö Û�ÜPÞ�ò�à"û�ÿ�Þ�Û�ýÌä ï;ô ø�Þ�àfëô;à ö Û"âQ�jô;â�ï�õ1ß�Þ�à�ò
Þ�ÜIÛ�Þ�Ü�Û"âR%�ô;íJÛ�ø�ø�ÛOò&ä â�ð à$ô Ýå Û"â ö Û�þ�ê ëÝâ+Û�Þ�ÜIíJÛ�ò�ò&Û"â�Û�ò4S6ô è'éÛT-@Û"â'é�ô ø�à&Û�Ük÷ ö ô_ò�Þ�Û�ù ä8ø�ø�ò&à ëô Ü ö Þ�ð
Þ�þUS�ô è'éÛ�ð Û�é�ô ø�à&Û�Ürñ+Û"â ö Û�Ürï:ô Ü�Ü[Ý�Ü ö�V Ýð â'Þ�I ô Ýê�þ/Û�éâ�Û"â'ÛW�ô;â'ï�õ1ß�Þ�à�ò´þ�Þ�à�Û�Þ�ÜÛ"â´Û�Þ	Ü�õ
á"Û�ø�Ü�Û�ÜX+`Ü�ò&à&â'Ýï�à�Þ�ä8ÜCþ ëä ð8ø�Þ	è'éCò�Þ�Ü ö û
ÿOÛ�Ü�Üä�è'é íJÛ�ò�Þ�à&á"àY�jô;â�ï�õ`æ�ñ+Û"Û"ç ô Ý�èAé[ZOô è'é�à&Û�Þ�ø�Û]\Wì�é�ÜÛ/á�Ý�ò ëô;à&á�ø�Þ�èAéÛ^#Wâ'ñ*Û�Þ�à&Û"âAÝ�Üð Û�Ü ö Û�ò
úOø�ð ä â'Þ�à�é�þ�Ý�ò�_�þ�Ý�åþ�Þ�à´á�Ý�ÜÛ�é�þ/Û�Ü ö Û"â=üâ'ô;ð8þ/Û�Ü�à�Þ�Û"â'Ý�Üð ö Û�ò/æ�çJÛ�Þ�èAéÛ"â'ò�ð Û"â�Û�èAé�ÜÛ"àhñ*Û"â�õ
ö Û�ÜÌ÷ ö ôuÝ�ÜÛ"â�â'Û�Þ�è'é�í�ô;â�ÛIæ�çNÛ�Þ	è'éÛ"â�á"Û�ø	ø�Û�ÜrÜ�Ýâ�êUâ�Û�Þ�ð Û"ð Û"íJÛ�Ük÷�Ü�Þ�èAé�àhô;íNÛ"âf÷�ñQÞ�Û\íJÛ�ÞOS+ä ç`J�Þ	Üð
S+ä8ø	ø�Û�è7à�Þ�ä8Ük÷�ÜÛ�Ýò&à&â'Ýï�à�Ýâ'Þ�Û"â'à+ñ+Û"â ö Û�ÜÌû,+`ÜN�a�a�]�G�^�������cbæ`J�ò�à&Û�þ/Û�ÜCï;ô Ü�Ü ö Þ�Û�ò�á�Ýjã�Û"â�ê�ä â�õ
þ�ô Ü�è7Û4#(Þ�Ü�í�Ýå Û�Ü_ê ëÝ�éâ'Û�Ük÷:Þ	Üedf���cgh�����i��������jb�æ`J�ò&à&Û�þ/Û�Ü/ð8ô;â*á�Ý/Û�k�á"Û�ò�ò�Þ�ù Û�þml2à�éâ'ô ò�é�Þ	Üðon
Ý�Ü ö�ö ô þ�Þ�à(á�Ý�þ íJÛ�Þ�Ü�ô éÛ�Ü�ä ö Û"â+ù ëä8ø�ø�Þ�ð Û�ÜPæ�à�Þ�ø�ø�ò�à�ô Ü ö û8ú�í�ð Û�ò&Û�éÛ�Ü ö ôfù ä8ÜIé ëô Üð Û�Ü ö Þ�Û$ð8ô;â&õ
í�ô;ð Ûaè7ä8ø	ø�Û�è7à�Þ�ä8Üp+2Ü�à&Û"â�ù;ô ø�ø�ÛPù ä8Ü ö Û"â\ó�â ëä å Û ö Û�ò_ñQÞ�Û ö Û"â�ð Û"ñ*ä8Ü�ÜÛ�ÜÛ�Ü®æ�çJÛ�Þ�è'é�Û"â'ò_ô;íÌû@ß*Û�Þ
ò&à�ô;â'ï Û"âüâ'ô;ð8þ/Û�Ü�à�Þ�Û"â'Ý�Üð¡ï:ô Ü�Ürî&Û ö ä�è'é ö Û"â ö ô�ù ä8Ü·í�âAô Ý�è'é�í�ô;â�Û�%�Û�Þ�øOð8ø�Û�Þ�èAé&Z�Ý�ø	ø�ò&Û�Þ	Ükû
ÿ�ô;â'ô Ý�ò�â'Û�ò�Ý�ø�à�Þ�Û"â'à"÷ ö ô;å ö Þ�ÛOüâ'Û�q�ÝÛ�Ü�á ö Û"â6è7ä8ø�ø�Û�è7à�Þ�ä8Ü�ò�þ�Þ�à ö Û"âO-@Û"â'ñ*Û�Þ�ø ö ô ÝÛ"â ö Û�ò�ß+Û�Ü�Ýà2õ
á"Û"âOãWâ�ä ð â'ô þ�þ�ò$Þ�þ æ�çJÛ�Þ�èAéÛ"â6á�Ý�Ü�Þ	þ�þ=à"û
#*Þ�Ühñ*Û�Þ�à&Û"â'Û"âWã(Ý�Üï�à@Þ�ò&à ö Þ�ÛRrOÜ�à&Û"â�í�â�Û�è'é�Ý�Üð ö Û�ò@ß+Û�Ü�Ýà&á"Û"â(ã(â�ä á"Û�ò�ò&Û�ò@ê ëÝâ ö Þ�Û�ÿ�ô ÝÛ"âWÛ�Þ�Ü�Û"â
ï ä8þ/ç<ø�Û"à&à&Û�Üð8ô;â'í�ô;ð Ûhè7ä8ø	ø�Û�è7à�Þ�ä8Ükû V ñ+ô;â�ï:ô Ü�Ü ö Þ�Û V Û�Þ�à�ò&ç�ô Ü�Ü�Û ö Û"âsrOÜ�à&Û"â'í�â�Û�è'é�Ý�Üð ö Ýâ'èAé
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